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SUMMARY. The one-cotyledon splice grafting method is commonly used for
watermelon (Citrullus lanatus) because it is relatively rapid and there is less
rootstock regrowth than with other grafting methods. However, plants must rely
on moisture in the air for survival during at least the first 4 days after grafting. In
2015 and 2016, greenhouse experiments were conducted to investigate if application of commercial stomata-coating and stomata-closing antitranspirant products,
applied 1 day before grafting to both scion and rootstock seedlings, could increase
the survival of watermelon transplants grafted using the one-cotyledon method.
‘TriX Palomar’ watermelon was grafted onto rootstock ‘Tetsukabuto’ (Cucurbita
maxima · C. moschata) in Expt. 1, and onto rootstock ‘Emphasis’ (Lagenaria
siceraria) in Expt. 2. The survival of grafted watermelon differed because of
experiment (P = 0.0003), antitranspirant treatment (P < 0.0001), and experimental
repeat (P < 0.0001). The survival of ‘TriX Palomar’ grafted onto ‘Tetsukabuto’ was
greatest for plants treated with the stomata-coating D stomata-closing antitranspirants (92% to 100%), followed by the stomata-closing antitranspirant (79% to
97%), water (72%), and the stomata-coating antitranspirant (50% to 60%). For
‘TriX Palomar’ grafted onto ‘Emphasis’, plants treated with the stomata-closing
antitranspirant had the greatest survival (87% to 97%), followed by stomata-coating D
stomata-closing antitranspirants (84% to 94%), the stomata-coating antitranspirant (50% to 67%), and water (53% to 68%). In Expt. 3, stomatal conductance (gS)
was similar for both ‘TriX Palomar’ and ‘Emphasis’ seedlings before treatment
application, but differed because of the treatments 1 and 2 days after application.
Stomatal conductance did not change for ‘TriX Palomar’ seedlings after application
of the stomata-coating antitranspirant or water, or for ‘Emphasis’ seedlings after
application of the stomata-coating antitranspirant. Stomatal conductance of ‘TriX
Palomar’ seedlings decreased 57% to 62% after application of the stomata-closing
antitranspirant and decreased 48% to 60% after application of the stomata-coating D
stomata-closing antitranspirants. Stomatal conductance for ‘Emphasis’ seedlings
increased 37% after water application, and decreased 58% to 68% after application of
the stomata-closing antitranspirant, and decreased 42% to 45% after application
of the stomata-coating D stomata-closing antitranspirants. The survival rate of
grafted ‘TriX Palomar’ transplants was increased nearly 30% by application 1 day
before grafting of the commercial stomata-closing antitranspirant or stomatacoating D stomata-closing antitranspirants in this study. Increase in grafting
success is likely due to a reduction in transpiration that occurs when the stomataclosing antitranspirant is applied to the seedlings before grafting.

G

rafting cucurbitaceous crops
is an important integrated
pest management strategy
used to control several soilborne
pathogens and nematodes (Buller
et al., 2013; Cohen et al., 2007; Davis
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et al., 2008; Guan et al., 2012; Louws
et al., 2010). Although grafting holds
promise as a disease management
strategy for watermelon production
in Washington (Buller et al., 2013;
Dabirian et al., 2017; Wimer et al.,
2015), adoption is limited due in part
to the cost of grafted transplants.

Increased production costs related
to grafting include extra seed and
greenhouse facilities needed to grow
rootstock seedlings, skilled labor
needed for grafting, and special facilities required for successful healing of
the grafted plants (Boughalleb et al.,
2007; Galinato et al., 2016; Lewis
et al., 2014; Rivard et al., 2010). The
cost of grafted transplants increases if
grafting survival rates are low. Although large-scale grafting operations use controlled environment
facilities that lead to greater grafting
success, smaller grafting operations
use healing chambers where environmental conditions are less controlled.
When the healing chamber environmental conditions are variable,
survival of grafted watermelon tends
to be lower and less reliable than for
other grafted vegetable crops, and
grafted watermelon tends to require
greater care. In a study using a low
cost healing chamber, survival of
grafted tomato (Solanum lycopersicum) was 98%, whereas the survival
of grafted watermelon ranged from
51% to 80% (Johnson and Miles,
2011; C.A. Miles, unpublished data).
The survival of grafted watermelon is
lower in general than for other commonly grafted vegetable crops because of the particular grafting
technique used (one-cotyledon splice)
as well as the susceptibility of the
plant to desiccation after the grafting
procedure. Desiccation of grafted
seedlings occurs because of water
stress to the scion during healing
and hardening after grafting (Shirai
and Hagimori, 2004). During the
grafting process, the xylem is severed and the scion is under extreme
water stress until xylem tissues of
the scion and rootstock heal. Water
stress manifests itself in plants as
wilting, turgidity loss, and drying
(Atkinson and Else, 2001). When water absorption by roots is suppressed at
the graft union (because water cannot
pass from the rootstock to the scion

Units
To convert U.S. to SI,
multiply by

U.S. unit

SI unit

To convert SI to U.S.,
multiply by

10.7639
29.5735
0.3048
2.54
25.4
0.0254
(F – 32) O 1.8

fc
fl oz
ft
inch(es)
inch(es)
mil
F

lux
mL
m
cm
mm
mm
C

0.0929
0.0338
3.2808
0.3937
0.0394
39.3701
(C · 1.8) + 32
•

August 2017 27(4)

while the graft union is not yet
healed), gS and scion growth decreases (Oda et al., 2005). To minimize water stress, it is necessary to
reduce transpiration for several days
immediately after grafting (Rivard
and Louws, 2006).
Normally, plants react to water
deficit with rapid, abscisic acid (ABA)–
mediated closure of stomata, which
results in reduced transpiration
(Leung and Giraudat, 1998; Pospisilova, 2003; Willmer and Pricker,
1996). Manipulating the ABA signaling pathway may reduce water consumption by plants, thereby reducing
transpiration under stress conditions
(Gomez-Cadenas et al., 2003; Grill
and Ziegler, 1998). When roots become stressed because of water deficit,
ABA concentration rises in xylem vessels and is transported to leaves by
transpiration streaming (Davies and
Zhang, 1991; Khalil and Grace,
1993; Zhang and Davies, 1990). ABA
controls transpiration by regulating
the opening of stomata (Hetherington
and Davis, 1998). Lee et al. (2005)
demonstrated that ABA functions in
roots to allow better uptake of water by
affecting conformation of water channels in root cell membranes and in the
shoot.
There are commercial products
available that reduce water stress, including both stomata-coating and
stomata-closing compounds that increase resistance of leaves to water
vapor loss (Tambussi and Bort,
2007). Under severe water stress,
these products can increase stomatal
resistance and mitigate water stress,
thereby maintaining plant growth
and development (Moftah and AlRedhaiman, 2006). Such antitranspirant products can be applied to
foliage or the root zone to counteract
water stress. Application of an antitranspirant promoted shoot growth
and graft success in sweet pepper
[Capsicum annuum (Nitzsche et al.,
1991)]. Johkan et al. (2008) reported
that stomatal closure increased in
sweet pepper plants receiving an
ascorbic acid treatment, and survival
of grafted sweet pepper plants was
improved because of increased water
potential in plants. Foliar application
of ascorbic acid 1 d after grafting
increased stomatal resistance and water potential of older (58 d old)
grafted sweet pepper plants to a level
similar to that found in untreated
•
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younger (34 d old) plants (Johkan
et al., 2009). Increased stomatal resistance led to stomatal closure, which
decreased plant defoliation and increased survival of grafted scions. Decreases in transpiration due to
stomatal closure is likely important
for achieving successful grafting.
The objective of the current study
was to test whether the application
of commercial antitranspirant products to rootstock and scion seedlings
before grafting increases the survival
of grafted watermelon transplants.

Materials and methods
Two experiments to test the effect of commercial antitranspirant
products on grafting success for watermelon were carried out at the
Washington State University Northwestern Washington Research and
Extension Center (WSU NWREC)
greenhouse facilities in Mount Vernon, WA. To understand if antitranspirant products affected gS of seedlings,
a third experiment was conducted using nongrafted scion and rootstock
seedlings.
GRAFTING SUCCESS. Experiments
1 and 2 were carried out in the
greenhouse in 2015 and 2016, respectively. Both experiments used
a randomized complete block design
with the same four treatments (see
Antitranspirant Treatments). Experiment 1 had four replicates of the
four treatments, with 18 plants per
experimental unit, and was repeated
two times. Seedless watermelon ‘TriX
Palomar’ (Syngenta Seeds, Minneapolis, MN) was sown into 72-cell trays
filled with potting mix (Sunshine #3
N & O; Sun Gro Horticulture, Agawam,
MA) on 17 Jan. (repeat 1) and 24
Feb. (repeat 2) in 2015. Rootstock
‘Tetsukabuto’ (American Takii, Salinas, CA) was seeded in every other
length-wise row in a 72-cell tray on
25 Jan. (repeat 1) and 3 Mar. (repeat
2). Grafting was carried out on 3
Feb. and 12 Mar. for repeats 1 and
2, respectively.
Experiment 2 had five replicates
of the four treatments, with 12 plants
per experimental unit, and was also
repeated two times. ‘TriX Palomar’
was sown into 72-cell trays using the
same potting mix as Expt. 1, on 11
Jan. (repeat 1) and 19 Jan. (repeat 2)
in 2016. Rootstock ‘Emphasis’ (Syngenta Seeds) was seeded in every
other length-wise row in 72-cell trays

on 19 Jan. (repeat 1) and 27 Jan
(repeat 2). Grafting was carried out
on 29 Jan. and 5 Feb. for repeats 1
and 2, respectively.
ANTITRANSPIRANT TREATMENTS.
Both experiments included two commercial antitranspirant products;
one was a stomata-coating antitranspirant (Moisturin; WellPlant, Sparks,
NV) and the other was a stomataclosing antitranspirant (Root-Zone,
WellPlant). The stomata-coating
antitranspirant was foliar applied to
form a coating on the plant surface
that is reputed to reduce water loss.
The stomata-closing antitranspirant is
a humectant formulation applied as
a soil drench to the root system; this is
reputed to condition the plant to
produce additional amounts of ABA,
causing closure of stomata and reduction in transpiration rate. In both
experiments, commercial products
were applied according to label rate,
and the four treatments were 1) stomatacoating antitranspirant as a 10%
solution, 2) stomata-closing antitranspirant as a 1.56% solution, 3)
stomata-coating + stomata-closing antitranspirant (applied at the same rates as
treatments 1 and 2, respectively), and
4) tap water (control). Treatments
were applied 22–24 h before grafting,
between 8:00 and 9:30 AM in both
experiments, following label recommendations. The stomata-coating
antitranspirant (3 mL) was applied
to both sides of leaves of each scion
and rootstock seedling, according to
the label instructions. The stomataclosing antitranspirant (30 mL) was
applied as a drench to each scion and
rootstock seedling. For the water
treatment, 30 mL of water was applied as a drench to each scion and
rootstock seedling.
GRAFTING METHOD. The onecotyledon grafting method was used
in both experiments. The rootstock
seedling was cut at a 60 C angle so
that one cotyledon remained and one
was removed from the seedling. The
scion was cut at a 60 C angle 2 cm
below cotyledons. The two cut stem
surfaces were placed together and
a watermelon grafting clip (3 mm;
Johnny’s Selected Seeds, Fairfield,
ME) held the grafted transplant together. Immediately after grafting,
plants were placed in a healing chamber for 9 d.
HEALING CHAMBER CONDITIONS
AND PLANT SURVIVAL. The healing
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chamber was 3 ft wide · 5.6 ft long ·
1.6 ft tall on a bench in the greenhouse. The temperature and relative
humidity (RH) were measured inside the chamber and in the greenhouse during both experiments every
15 min (Hobo Onset, Bourne, MA);
light was measured every 15 min only
in Expt. 2 (equipment was not available earlier). For both experiments,
each tray was placed in the healing
chamber immediately after grafting,
and the healing regimen described by
Miles et al. (2016) was followed to
transition plants to the greenhouse
environment, and is summarized
here. The chamber was covered with
clear plastic (6-mil polythene; Ginegar Plastic Products, Ginegar, Israel)
and a thin film of water was added to
the chamber floor to achieve 100%
RH inside the chamber. The chamber
was covered with black fabric (Geotex
200ST; Propex Operating Co., Chattanooga, TN) to limit light penetration to plants during the first 6 d after
grafting. For the day of grafting
(day 1) and for 2 d after grafting
(day 3), the chamber was entirely
covered with plastic and black fabric.
The chamber was opened on day 3,
and water was added to the chamber
floor so that it was barely wet, then
the chamber was closed. On day 4,
the chamber was opened for 15 min,
and water was added to the floor of
the chamber as needed so that it was
barely wet, the chamber was closed,
and the black fabric was folded up to
expose the front side of the chamber.
On day 5, the chamber was opened
for 30 min, and water was added to
the floor of the chamber as needed,
the chamber was closed, and the black
fabric was folded up to expose the
sides of the chamber but the top of
the chamber remained covered. On
day 6, the chamber was opened for
1 h, and water was added to the floor
of the chamber as needed, the chamber was closed, and the black fabric
was entirely removed. On days 7 and
8, the chamber was opened for 3 and
6 h, respectively; water was added to
the floor of the chamber as needed,
and the chamber was closed. Plants
were removed from the chamber on
day 9 and placed on the greenhouse
bench and watered. Survival was
assessed for the grafted plants in each
replicate treatment at 7, 10, 14, and
21 d after grafting. Graft survival was
defined as turgidity of scion leaves
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and stem; failed grafted plants had
entirely wilted scion leaves and stems.
STOMATAL CONDUCTANCE. In
Expt. 3, gS of seedlings of ‘TriX
Palomar’ watermelon and ‘Emphasis’
rootstock were measured with a leaf
porometer (SC-1; Decagon Devices,
Pullman, WA) 1 h before application
of the antitranspirants (day 0) and 1 d
and 2 d after application. Experiment
3 was carried out at the same time as
repeat 2 of Expt. 2, and included the
same planting dates (‘TriX Palomar’
seeded on 19 Jan. 2016 and ‘Emphasis’ seeded on 27 Jan. 2016) and
production methods, as well as the

same four treatments; at day 1, seedlings were the correct size for grafting. Experiment 3 included four
replicates each of three ‘TriX Palomar’ seedlings and five ‘Emphasis’
seedlings; however, the experiment
was not repeated. Stomatal conductance was measured between 11:30
AM and 1:30 PM on 4, 5, and 6 Feb.
(days 0, 1, and 2, respectively)
(Pietragalla and Pask, 2012). To account
for the effect of time of day on gS, one
plant in each treatment was measured sequentially. Measurements
were completed for ‘TriX Palomar’
seedlings and then for ‘Emphasis’

Table 1. Survival of ‘TriX Palomar’ watermelon grafted onto ‘Tetsukabuto’
rootstock treated 1 d before grafting with a stomata-closing antitranspirant,
a stomata-coating antitranspirant, stomata-coating D stomata-closing
antitranspirants, or water; survival was measured at 7, 10, 14, and 21 d after
grafting, which was 3 Feb. 2015 (repeat 1) and 12 Mar. 2015 (repeat 2) at
Mount Vernon, WA.
Day 7
Antitranspirant treatment
Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
P value

100
97
100
97
0.59

Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
P value

97 a
87 b
100 a
97 a
0.001

Survival (%)
Day 10
Day 14
Repeat 1
97
97 az
89
53 c
100
100 a
97
75 b
0.11
<0.0001
Repeat 2
97 a
87 ab
83 b
72 c
99 a
96 a
96 a
83 bc
0.0008
0.008

Day 21
97 a
50 c
100 a
72 b
<0.0001
79 b
60 c
92 a
72 b
<0.0001

z
Mean separation letters generated using least square means statement in JMP (version 11.0 for Windows; SAS
Institute) at a = 0.05. Values in columns followed by the same letter are not significantly different.

Table 2. Survival of ‘TriX Palomar’ watermelon grafted onto ‘Emphasis’
rootstock treated 1 d before grafting with a stomata-closing antitranspirant,
a stomata-coating antitranspirant, stomata-coating D stomata-closing
antitranspirants, or water; survival was measured at 7, 10, 14, and 21 d after
grafting, which was 29 Jan. 2016 (repeat 1) and 5 Feb. 2016 (repeat 2) at Mount
Vernon, WA.
Day 7
Antitranspirant treatment
Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
P value

100
95
100
91
0.22

Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
P value

100 a
98 a
100 a
91 b
0.03

Survival (%)
Day 10
Day 14
Repeat 1
92 az
89 a
72 b
53 b
95 a
84 a
89 a
67 b
0.03
0.003
Repeat 2
100 a
97 a
88 b
73 b
94 ab
94 a
78 c
70 b
<0.0001
<0.0001

Day 21
87 a
50 b
84 a
53 b
0.0004
97 a
66 b
94 a
68 b
0.0001

z
Mean separation letters generated using least square means statement in JMP (version 11.0 for Windows; SAS
Institute) at a = 0.05. Values in columns followed by the same letter are not significantly different.
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Table 3. Mean stomatal conductance (gS) for ‘TriX Palomar’ watermelon and
‘Emphasis’ rootstock seedlings (plants were not grafted) just before
antitranspirant treatment application (day 0) and 1 and 2 d after application, on
4, 5, and 6 Feb. 2016, respectively, at Mount Vernon, WA.
Watermelon seedling gS (mmolmL2sL1)
Antitranspirant treatment
Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
P value

Day 0
Day 1
Day 2
147 b
391
170 bz
260
223 b
187 b
225
89 c
118 b
288
320 a
264 a
0.33
0.0002
0.006
Rootstock seedling gS (mmolmL2sL1)
385
163 b
122 c
280
262 a
221 c
257
142 b
150 b
264
311 a
361 a
0.23
<0.0001
<0.0001

Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
P value

z
Mean separation letters generated using least square means statement in JMP (version 11.0 for Windows; SAS
Institute) at a = 0.05. Values in columns followed by the same letter are not significantly different.

Table 4. Contrast of stomatal conductance (gS) for ‘TriX Palomar’ watermelon
and ‘Emphasis’ rootstock seedlings (plants were not grafted) before (day 0) and
1 and 2 d after antitranspirant treatment application, on 4, 5, and 6 Feb. 2016,
respectively, at Mount Vernon, WA.
Contrast (P) of gS for watermelon seedlingsz
Antitranspirant treatment
Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)
Stomata-closing
Stomata-coating
Stomata-coating + stomata-closing
Water (control)

Day 0 vs. day 1
Day 0 vs. day 2
0.0008
0.0003
0.54
0.22
0.03
0.08
0.61
0.68
Contrast (P) of gS for rootstock seedlings
<0.0001
<0.0001
0.68
0.18
0.01
0.02
0.29
0.03

Mean contrast using least square means statement in JMP (version 11.0 for Windows; SAS Institute) at a = 0.05.

z

seedlings. Stomatal conductance was
measured for the most recent fully
expanded leaf of each ‘TriX Palomar’
seedling and one cotyledon of each
‘Emphasis’ seedling.
DATA ANALYSIS. Data were subjected to analysis of variance using
JMP software (version 11.0 for Windows; SAS Institute, Cary, NC).
Antitranspirant treatments and water treatments were explanatory variables, and grafting survival and gS
were response variables. The survival
of grafted transplants for Expts. 1 and
2 were transformed using the arcsine
of the square root. Least square
means was used to run a customized
F-test to contrast difference in level of
gS for different treatments before and
1 and 2 d after treatment application.
Microsoft Excel (Microsoft Office
2013 for Windows; Microsoft, Redmond, WA) was used to calculate
•
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daily averages of measured environmental factors.

Results
GRAFTED PLANT SURVIVAL. The
survival (percent) of grafted watermelon differed because of experiment
(P = 0.005), and in each experiment
there was a difference due to repeat
(P < 0.0001), treatments (P < 0.0001),
and days after grafting (P < 0.0001).
The survival of grafted plants was near
100% for all four treatments 7 d after
grafting. At 10 d, 1 d after plants were
removed from the chamber and placed
on the greenhouse bench, plant survival began to decline for most treatments, and survival declined even
further by 21 d after grafting for the
stomata-coating antitranspirant and
water treatments. In repeat 1 of Expt.
1, where ‘Tetsukabuto’ was the

rootstock, there was no significant
difference in survival because of treatments at 7 d (average 99%) or 10 d
(average 96%) after grafting (Table
1). At 14 d after grafting, survival of
plants treated with the stomatacoating antitranspirant was 53%
and survival of plants treated with water
was 75%, whereas survival of plants
treated with the stomata-closing
antitranspirant or stomata-coating +
stomata-closing antitranspirants were
100% and 97%, respectively. By 21 d
after grafting, plants treated with
the stomata-coating antitranspirant
or water decreased to 50% and 72%,
respectively, whereas survival of
plants treated with the stomata-closing
antitranspirant or stomata-coating +
stomata-closing antitranspirants did not
change. In repeat 2, survival differed because of treatment by 7 d,
with plants treated with the stomatacoating antitranspirant showing the
lowest survival (87%), and survival of
plants with the other three treatments
averaged 98% (Table 1). At 10 d after
grafting, survival of plants treated
with the stomata-coating antitranspirant had the lowest survival (83%),
whereas survival of plants with
other treatments averaged 97%. By
14 d after grafting, plants treated with
the stomata-coating + stomata-closing
antitranspirants (96%) or the stomataclosing antitranspirant (87%) had
higher survival than plants treated with
the stomata-coating antitranspirant
(72%) or water (83%). By 21 d after
grafting, plants treated with the
stomata-coating + stomata-closing
antitranspirants continued to have the
highest survival (92%), plants treated
with the stomata-closing antitranspirant or water had intermediate survival
(average 76%), and survival of plants
treated with the stomata-coating antitranspirant was reduced to 60%.
In Expt. 2, where the rootstock
was ‘Emphasis’, all plants in the first
repeat were affected by powdery mildew (Erysiphe polygoni). Despite this,
a fungicide was not applied as it could
have affected seedling gS, and the
disease likely caused a lower overall
plant survival in repeat 1 (70%) as
compared with repeat 2 (81%). In
repeat 1, there was no significant
difference in survival because of
treatments at 7 d after grafting
(97% on average) (Table 2). By
10 d after grafting, survival of plants
treated with the stomata-coating
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antitranspirant dropped to 72%,
whereas survival of plants treated with
the other three treatments averaged
92%. At 14 and 21 d after grafting,
survival was highest for plants treated
with the stomata-closing antitranspirant (average 88%) followed by the
stomata-coating + stomata-closing
antitranspirants (84%), and was lowest for the stomata-coating antitranspirant (average 52%). In repeat 2,
differences due to treatments began
7 d after grafting and followed the
same trend as repeat 1 (Table 2).
Plants treated with water (91%)
had a lower survival on day 7 than
plants treated with the other three
treatments (average 99%). At 10 d after grafting, survival of plants treated
with the stomata-closing antitranspirant or the stomata-coating + stomataclosing antitranspirants averaged
97%, the stomata-coating antitranspirant was intermediate (88%), and
water was low (78%). By 14 d after
grafting, plants treated with the
stomata-closing antitranspirant or the
stomata-coating + stomata-closing
antitranspirants (average 96%) had
higher survival than plants treated
with the stomata-coating antitranspirant or water (average 72%). By
21 d after grafting there was no
further loss for plants treated with
the stomata-closing antitranspirant or
the stomata-coating + stomata-closing
antitranspirants compared with day
14, whereas survival declined for plants
treated with the stomata-coating antitranspirant or water (average 67%).
STOMATAL CONDUCTANCE. In
Expt. 3, gS was similar for ‘TriX
Palomar’ seedlings (291 mmolm2s1)
and for ‘Emphasis’ seedlings
(297 mmolm2s1) before treatment
application (day 0) and differed because of treatment at 1 and 2 d after
application (Table 3). Stomatal conductance of ‘TriX Palomar’ and ‘Emphasis’ seedlings treated with the
stomata-coating antitranspirant did
not change 1 or 2 d after application
(Tables 3 and 4). Stomatal conductance of ‘TriX Palomar’ seedlings
treated with water did not change 1
or 2 d after application; however, gS of
‘Emphasis’ seedlings increased 37%
on day 2 after water application.
Stomatal conductance of ‘TriX Palomar’ and ‘Emphasis’ seedlings treated
with the stomata-closing antitranspirant decreased 58% at 1 d and 65% on
average at 2 d after application.
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Stomatal conductance of ‘TriX Palomar’ and ‘Emphasis’ seedlings treated
with the stomata-coating + stomataclosing antitranspirants decreased
53% and 45% on average at 1 and 2
d after application, respectively (Tables 3 and 4).
E NVIRONMENTAL CONDITIONS.
Daily average temperature and RH
in the healing chamber and in the
greenhouse were similar for both repeats of Expts. 1 and 2 (Figs. 1 and 2);
however, light intensity (measured
only in Expt. 2) differed for each
repeat after the fabric was removed
from the chamber (Fig. 3). Daily average temperature inside the chamber
was 24–27 C, whereas the daily
average temperature in the greenhouse was 22–27 C. In the first 3 d
after grafting, when the plastic of
the chamber was closed and the
chamber was entirely covered with
black fabric, the daily average

temperature inside the chamber was
the same as the temperature inside the
greenhouse, 24–27 C. Daily average
RH during this time was 94% to 98%
inside the chamber and 32% to 41% in
the greenhouse, and the daily average
light intensity in the chamber was 60–
74 lx. From day 4 to day 6, when
plants in the chamber were exposed
to the greenhouse environment for
1 h or less each day, and the chamber
was partially covered with black fabric, daily average temperature inside
the chamber was 24–27 C and temperature in the greenhouse was 25–
27 C. Daily average RH during this
time was 96% to 98% inside the
chamber and 25% to 42% in the
greenhouse, whereas the daily average
light intensity in the chamber was
333–453 lx. For 7–9 d after grafting,
when plants in the chamber were
exposed 5 h on average each day to
the greenhouse environment and the

Fig. 1. Temperature in the healing chamber (HC) and greenhouse (GH) for 21 d
after grafting ‘TriX Palomar’ watermelon onto ‘Tetsukabuto’ rootstock in Expt. 1
(repeat 1 was 3 Feb. to 24 Feb. 2015; repeat 2 was 12 Mar. to 2 Apr. 2015), and
onto ‘Emphasis’ rootstock in Expt. 2 (repeat 1 was 29 Jan. to 19 Feb. 2016; repeat
2 was 5 Feb. to 26 Feb. 2016), at Mount Vernon, WA; (1.8 · C) D 32 = F.
•
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repeat 2. After day 9, when plants
were removed from the chamber,
the daily average temperature in the
greenhouse was 23–25 C and the
RH was 40% to 47%. The daily average light intensity in the greenhouse
differed for each repeat, and was 3788
lx in repeat 1 and 1617 lx in repeat 2.

Discussion

Fig. 2. Relative humidity in healing chamber (HC) or greenhouse (GH) for 21 d
after grafting ‘TriX Palomar’ watermelon onto ‘Tetsukabuto’ rootstock in Expt. 1
(repeat 1 was 3 Feb. to 24 Feb. 2015; repeat 2 was 12 Mar. to 2 Apr. 2015), and
onto ‘Emphasis’ rootstock in Expt. 2 (repeat 1 was 29 Jan. to 19 Feb. 2016; repeat
2 was 5 Feb. to 26 Feb. 2016), at Mount Vernon, WA.

Fig. 3. Intensity of photosynthetically active radiation (PAR) in the healing
chamber for 21 d after grafting ‘TriX Palomar’ watermelon seedlings onto
‘Emphasis’ rootstock (Expt. 2 repeat 1 was 29 Jan. to 19 Feb. 2016; repeat 2 was
5 Feb. to 26 Feb. 2016) at Mount Vernon, WA; 1 lx = 0.09 fc.

black fabric was removed, the temperature inside the chamber and the
temperature in the greenhouse were
23–25 C. Daily average RH during
this time was 78% to 98% inside the
•
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chamber and 34% to 48% in the
greenhouse. The daily average light
intensity in the chamber during this
period varied for each repeat, and was
3095 lx in repeat 1 and 1155 lx in

The stomata-closing antitranspirant applied to ‘TriX Palomar’,
‘Tetsukabuto’, and ‘Emphasis’ seedlings 1 d before grafting resulted in
90% graft survival, on average, 21 d
after grafting, and this was a 25%
increase in survival compared with
water-treated plants. By contrast,
the stomata-coating antitranspirant,
which physically blocks stomatal
openings, resulted in graft survival of
57% on average. The stomata-closing
antitranspirant caused a decrease in gS
of both ‘TriX Palomar’ and ‘Emphasis’ seedlings in this study, whereas gS
after the stomata-coating antitranspirant application was not reduced
compared with the preapplication
level. These results suggest that
greater graft survival occurred because of the reduction in gS and the
likely concurrent reduction in transpiration. In other studies, antitranspirants were applied after grafting
(Iriti et al., 2009; Joy, 2010). Applying antitranspirant products before
grafting appears to better prepare
seedlings for the stress of grafting
and healing, leading to greater graft
survival.
Mean survival 21 d after grafting
of ‘TriX Palomar’ grafted on ‘Tetsukabuto’ was 72%, and was 61% for
‘Emphasis’ rootstock. This result suggests that rootstocks may influence
grafting success in small-scale grafting
operations where environmental conditions are not well controlled. Rootstocks should be evaluated further to
determine their suitability for smallscale grafting operations. To further
understand the effect of antitranspirant products on grafted seedling
health and vigor, plant growth and
development should also be measured. Also needed is the evaluation
of more antitranspirant products that
are allowed for use on vegetable transplants. Most products are only allowed
on ornamental or nonedible plants,
and in the time from initiation to
publication of this study, the stomataclosing antitranspirant included in this
499
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study is no longer available. To address
this need, products such as chitosan
should be evaluated. Chitosan is a naturally derived antitranspirant that has
been shown to elicit plant defense
mechanisms resulting in stomatal closure and reduction in transpiration
(Bittelli et al., 2001; Iriti et al., 2009;
Park et al., 2016). Joy (2010) observed
that when chitosan was applied as a foliar
antitranspirant to self-grafted ‘Cherokee
Purple’ tomato under two RH treatments (37% and 95%), chitosan-treated
plants had 30% higher survival than
nontreated plants at both levels of
RH on day 10 (when plants were
fully acclimated). In the same study,
there was no significant difference in
survival between chitosan-treated
and nontreated self-grafted ‘Maxifort’ tomato rootstock plants, indicating the benefit could be cultivar
specific, further suggesting a need to
test different rootstocks. To fill this
information gap, new studies are
underway at WSU NWREC to test
the effect of a commercial chitosan
product on the grafting survival of
watermelon.
An additional limitation to the
current study procedures is the use of
the leaf porometer, which must occur
between 11:30 AM and 1:30 PM so as to
measure the maximum gS (Pietragalla
and Pask, 2012). The current study
included the maximum number of
plants that could be measured within
this time frame in the greenhouse
environment at this location. It took
10 min to calibrate the instrument at
the beginning of each measurement
day, and 1–2 min to collect each
measurement plus 30 s to recalibrate
between each measurement. Another
limitation is that gS cannot be measured on grafted seedlings the first 4 d
after grafting as during this period
grafted plants are in the dark and gS is
measured in the light. If grafted plants
are removed from the chamber for the
measurement, this would disrupt the
healing process and likely kill the transplant. After 3 d, when plants can be
exposed to the light and greenhouse
environment for a limited time (10–30
min), gS could be measured on a small
number of plants. However, the high
RH in the chamber can prevent accurate measurement with the leaf porometer. Measuring gS on newly grafted
watermelon plants is logistically challenging and needs to be further
explored.
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